Despite the lack of randomized trials comparing transapical aortic valve implantation (TA-AVI) with surgical aortic valve replacement, there is consensus that the approach may be advantageous for a high-risk group of patients. 1, 2 Nevertheless, several complications are associated with TA-AVI. Paravalvular leak resulting in aortic insufficiency of grade II or more is reported at a high incidence 3 and promotes left ventricular dysfunction, hemolysis, and endocarditis. 4 The onset of atrioventricular block (AVB) is correlated with the implantation of large-diameter valves in patients with a small annulus diameter.
Although some of the reported complications are inherent to the procedure, others may be reduced by careful procedure planning. Three-dimensional template-based planning, as used in dental and orthopedic surgery, is proposed as an intuitive tool for this task. We present an initial retrospective patient trial of a system for 3-dimensional template-based TA-AVI planning.
CLINICAL SUMMARY
A total of 32 patients with TA-AVI (21 female, mean age 81 years) and severe aortic stenosis were selected for the study. All patients received an Edwards-Sapien implant (Edwards Lifesciences Inc, Irvine, Calif); implant sizing had been performed using computed tomography or 3-dimensional ultrasound images. Our study used preoperative data acquired from these patients for a retrograde implantation planning with a novel, 3-dimensional template-based planning system. We compared our planning results with the original implantation decisions to investigate the potential impact of such a tool on the onset of postoperative aortic insufficiency and AVB. The procedure was blinded in the sense that no information about the actual implanted valves or the operating room outcomes influenced the planning process. The institutional review board approved use of the patient data for this work, and informed consent was obtained from the patients.
Patient Modeling
The generation and use of intraoperative DynaCT images (Syngo DynaCT; Siemens AG Healthcare Sector, Erlangen, Germany) to facilitate TA-AVI were recently described. These are 3-dimensional images reconstructed from contrast-enhanced angiography projections intraoperatively acquired with a ceiling-mounted rotation angiography system (Figure 1, A) .
The 3-dimensional planning system uses these images as a basis for implantation planning. A virtual model of the aortic root is extracted (Figure 1, B) . To facilitate orientation and implant registration, anatomic landmarks can be identified to indicate the position of the coronary ostia, the commissures, and the hinge points (Figure 1 , C). These landmarks help the operator in identifying a cut plane through the dataset that represents the annular level on which the Sapien implant is positioned.
Interactive Implant Selection
The system automatically registers 3-dimensional templates that represent the available valve models and sizes (Edwards-Sapien 23-and 26-mm valves and Ventor Embracer [Medtronic Ventor Technologies Ltd, Netanya, Israel]) with the dataset according to the landmarks and annulus plane (Figure 1, D) . The operator can switch between different valves and adjust their virtual position. In the current study, the criterion for valve selection was the valve diameter, which was optimized to exceed the mean diameter of the aortic root at the level of the valvar hinges by 1 to 2 mm.
RESULTS
One patient died of renal and pulmonary insufficiency. Another patient had left main stem occlusion during implantation related to inadequate positioning. AVB grade III was treated with pacemaker implantation in 4 patients. Temporary symptomatic bradycardia was diagnosed in 2 patients, but pacemaker implantation was not required. Notable aortic insufficiency was diagnosed in 11 cases. Figure 2 summarizes the variation between the implant selection based on 3-dimensional template-based planning and the original implant selection based on transesophageal echocardiography and computed tomography. In 17 cases, the planning decision was in accordance with the actually implanted valve size. Aortic insufficiency was seen in 3 of these cases, and 2 patients required pacemaker implantation.
Planning Results
In 2 cases, template-based planning promoted a 23-mm valve in patients who had been treated with a 26-mm valve. Both cases required permanent pacemakers to treat grade III AVBs.
In 2 cases with 23-mm valve implants, planning recommended the implantation of a 26-mm valve. One of these patients had paravalvular leakage with mild to moderate aortic insufficiency. In the other patient, no complications were reported. In 7 patients who were treated with the 26-mm implant, planning suggested that the 26-mm valve (which is the largest model available) was still too small for the patient. In all 7 patients, paravalvular leak grade I or greater was found.
CONCLUSIONS
In 10 of 15 patients with postoperative AI or AVB, the new system would have promoted a different valve selection. These observations suggest that the template-based planning approach is a viable aid in preoperative assessment of the atrioventricular geometry and valve selection. To substantiate the reported findings, larger studies are necessary.
Anterior arch translocation for coarctation of circumflex aorta using median sternotomy without cardiopulmonary bypass The operative approach to the management of coarctation in the presence of hypoplastic circumflex, retroesophageal aorta is not well defined. [1] [2] [3] We present the case of 4-year-old boy who had coarctation with hypoplastic retroesophageal arch. This was managed by translocation of hypoplastic retroesophageal arch anteriorly and creation of a left neoaortic arch through a median sternotomy without the use of cardiopulmonary bypass. We believe that median sternotomy is the approach of choice in the management of coarctation of the circumflex aorta.
CLINICAL SUMMARY
A 4-year-old boy weighing 14 kg had dyspnea on exertion and palpitations with increased precordial activity gradually worsening over the prior 2 years. On diagnostic workup, which included echocardiography, cardiac catheterization, and magnetic resonance angiography, he was found to have a circumflex aorta with coarctation and hypoplasia of the retroesophageal portion of the arch. The origin of the left subclavian artery (LSCA) was stenotic. The vessels of the ascending aorta were the left common carotid artery, the right common carotid artery, and the right subclavian artery. A coarctation was present at the base of right subclavian artery, with hypoplasia of the retroesophageal portion. A Kommerell diverticulum was present at the proximal portion of the descending aorta, which gave rise to a stenotic LSCA and a long narrow ductus. Although there was a complete vascular ring, the relatively long ductus probably did not cause any symptoms of tracheoesophageal compression (Figure 1) .
We decided to approach the repair through a sternotomy. After median sternotomy and complete thymectomy, the ascending aorta, all 4 arch vessels, the patent ductus arteriosus, and the descending aorta were dissected. The descending aorta was extensively mobilized to the level of the first intercostals to achieve a tension-free anastomosis. The arch of the aorta to the right and left of the esophagus was looped as well. The patient was heparinized. The arch of the aorta at the base of right subclavian artery was transfixed and divided. The arch was mobilized from behind the esophagus. There were no vessels arising from this part of the aorta to the esophagus. The patent ductus was divided and the base of the stenotic LSCA was divided and transfixed as well. The arch was transclocated anteriorly after division of the LSCA and ductus. A side-biting clamp was applied to the ascending aorta at the base of left carotid artery. After spatulation of the arch, it was anastomosed to the side of
